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A THEORETICAL INVESTIGATION OF THE DYNAMIC LATERAI, STABILITY
CHARACTERISTICS OF THE MX-838 (XB-51) AIRPLANE

By Jdohn W. Paulson
SUMMARY

At the request of the Air Materiel Command, U. S. Air Force, a
theoretical study has been made of the dynemic lateral stability charac-
teristics of the MX-838 (XB-51) airplame. The calculations included the
determination of the neutral-oscillatory-stability boundary (R = 0), the
period and time to damp to one-half amplitude of the lateral oscillation,
and the time to damp to one-half amplitude for the spiral mode. Factors
varied in the investigation were 1ift coefficient, wing incidence, wing
loading, and altitude.

The results of the invesgtigation showed that the lateral oscillation
of the ailrplane is unstable below a 1ift coefficlent of 1.2 with flaps
deflected 40P but is steble over the entire speed range with flaps
deflected 20° or 0°. The results showed that satisfactory oscillatory
stabllity can probably be obtained for all 1ift coefficients with the
proper variation of flap deflection and wing incldence with airspeed.
Reducing the positive wing incidence improved the oscillatory stability
characteristics. The airplane ig spirally unstable for most conditions
but the instability is mild and the Air Force requirements are easily met.

INTRODUCTION

At the request of the Alir Materiel Coammand, U. S. Alr. Forcs, a
theoretical study has heen made of the dynamic lateral stability charac-
teristics of the MX-838 (XB-51) airplane. A three-view sketch of the
alrplane is shown in figure 1. The calculatlons were made at the Langley
Laboratory on the Bell Telephone .Laboratory's X-66T4k relay computer.

The analysis was made by the Langley free-flight-tunnel staff.
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Calculations were made to determine the neutral-lateral-oscillatory-
stability boundary (R = 0), the period and time to damp to one-half amplitude
of the lateral oscillation, and the time to damp to one-half amplitude for
the spiral mode for several conditions of the airplane. The factors varied
included 1ift coefficient, wing incidence, wing loading, and altitude. The
results of the investigation are presented in the form of stability charts
where the R = O boundaries are plotted as functions of the effective-
dihedral parasmeter 'Clﬁ and the directional-stability parameter CnB-

The period and time to demp to one-half amplitude are presented as functions
of 11ft coefficient for the various conditions investigated.

SYMBOLS AND COEFFICIENTS

S wing area, square feet
c mean aerodynamic chord, feet
v airgpeed, feet. per second
b wing span, feet’
q dynamic pressuré, pounds per square foot
o] ailr density, slugs per cubic foot
W welght, pounds
acceleration of gravity, feet per ’second. per second
m mass, slugs (W/g)
Hp relative-density factor based on wing span (m/pSb)
wing incidence, degrees |
a angle of attack of reference axis (fig. 2), degrees
| angle of attack of principél longitudinal axis of
airplane, positive when principal axis is above
flight path at the nose (fig. 2), degrees
€ angle between reference axlis and principal axis,
positive when reference axis is above principal
axis at the nose (fig. 2), degrees
e angle between reference axis and horizontal axis,

positive when reference axis is above horizontal
axis at the nose (fig. 2), degrees
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angle of flight to horizontal axis, positive in a
climb (fig. 2), degrees

angle of yaw, degrees or radians

angle of sideslip, degrees or radians

angle of bank, radians

Routh's discriminant (R = BCD - AD® - B2E where A,
B, C, D, and E are constants representing coefficients
of the lateral-stability equation)

radius of gyration about principal longitudinal axis, feet

radius of gyration about principal vertical axis, feet

nondimensional radius of gyration about principal
longitudinal exis <kXo /b>

nondimensional radius of gyration about principal
vertical axis (kz /1>
o

nondimensional radius of gyration about longitudinal

stability axis <\/KX02003211 + KZoesinen

nondimensional radius of gyration about vertical stability

axis <\IKZozcose1] + KXoesine'q

nondimensional product-of-inertia parameter

<<KZ02 - KXOE) cog N sin TD

1ift coefficient (Lift/qS)

yawing-moment coefficient (Yawing moment/gSb)
rolling-moment coefficient (Rolling‘ moment /qSb)
lateral-force coefficient (Lateral force/qs)

rate of change of lateral-force coefficient with
angle of sideslip, per degree or per radiamn, as

specified (acY/ a@
C R
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rate of change of yawing-moment coefficient with angle
of sideslip, per degree or per radian, as specified

<aon /85)

rate of change of rolling-moment coefficient with angle
of sideglip, per degree or per radian, as specified
acz/a@

rate of change of lateral-force coefficient with rolling-

3cy

angular-velocity factor, per radian| ——
dDb
v

rate of change of rolling-moment coefficient with rolling-~
anguwlar-velocity factor, per radian -—g
oRkY

v

rate of change of yawing-moment coefficient with rolling-
oc
n

angular-velocity factor, per radian -55
o
v

rate of change of rolling-moment coefficient with yawing-

oC
angular-velocity factor, per radian g;ﬁ
v

rate of change of yawing-moment coefficient with yawing-
oC
n

angular-velocity factor, per radian =5
O

2v

rate of change of lateral-force coefficient with yawing-

oC
angular-velocity factor, per radian 8;%

v

tall length (distance from center of gravity to rudder
hinge line), feet

height of center of pressure of vertical tall above
fuselage axis, feet



NACA RM No. SL&10 S 5

P rolling angular velocity, radians per second

r yawing angular velocity, radians per second

Dy differential operator (@/dsﬁ)

Sp distance along flight path, spans (Vt/b)

» complex root of stability equation (c¢ + id)

t time, seconds

¥ period of oscillation, seconds

Tl/? time for amplitude of oscillation or spiral mode to

change by factor of 2 (positive value indicates a
decrease to half-amplitude, negative value indicates
an increase to double amplitude)
cycles for amplitude of oscillation to change by a
factor of 2
EQUATTIONS OF MOTION

The nondimensional lateral equations of motion (reference 1),
referred to a stability-axes system (fig. 3), are:

Roll

2y 2 24) - L s

2“b<KxDb # + KxzDy W>—01B5+201P%¢+2°zr3b‘”

Yaw

2pb<KZDb ¥+ K2y 20) = ¢ ;3+—c Duf + 3 Cp Dy

Dy Dy
Sidegliip
2uy(0p8 + Dp¥) = Oy 8 + 5 Oy Duf + 0gf + 5 0y v+ (0 vem 7)*
Ae Asy

When ¢Oe b is substituted for ¢,1yo for ¢, and Bo
for B 1in the equations written in determinant form, A must be a root of
the stability equation

AriB3+o2+D0+E =
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where

,.b3<KX2KZQ - sz,e)

2 2, 2 2~ 2 2 - -

A

2 2 2 1
C = pb<KX Ca Oy * Witfx Ong + K7 C1 O * 5 Cn C1, ~ Kxzl2, Oy
1

2 2
"Xz Oy C1p " KxCy, Ong + Kx20y, O B>

1 1
D=- E’CanZPCYB - ”bClPCnB Y CnPCZrCYp + “anPCZB

+

_ o, . 2

R ca W NS A Ay Ol ten 7

+ PuyfgyCy Op, ta 7 + = Cy Cp Oy - = Cp C3 Oy - = Cy Cp Cy
B b TtptBptr b Ppiigir b ir PRy

1

Iy CnrllptYy

. %%(Cnrczg - 01, %g) * L ¢p, tan 7(®1,00g - Ca,C2p)

-+

The demping and period of the lateral oscillation are given by the

0.69 b 25 b Ty/2

—_— = — - C =

S 7 b= g yand 1/2 P where ¢ and 4 are
the real and imaginary parts of the complex root of the stability equation.
The damping of the spiral mode is determined similarly from one of the two
real roots (usually the less stable one) of the stability equation.

equations Tl/é = -

The conditions for neutral oscillatory stability as shown in reference 2
are that the coefficients of the stability equation satisfy Routh's dis-
criminant set equal to zero

R =BCD - AD2 - B2E = 0

and that the coefficients B and D have the same sign. In general, the
- 8ign of the coefficient B 1is determined by the factors -CYB, -Cnr, and -Cy

P
which appear in the predominant terms of B. Thus, B 1is positive in the

usual case if there 1s positive weathercock stability and positive damping
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in roll. Hence, the coefficient D must be positive if R =0 is a
neutral-oscillatory-stability boundary.

SCOPE OF THE CALCULATIONS

Calculations were made of the neutral-oscillatory-stability boundary,
the pe. od and time to damp to one-healf amplitude for the lateral oscilla-
tion, end the time to damp to one-half amplitude for the spiral mode for
several conditions of the airplane. The effect of 1lift coefficient was
determined for flaps deflected and retracted for weights of 53,000 and
32,017 pounds. The effect of varying wing incidence from 9° to 2° and
-5-30 was also determined for a weight of 32,017 pounds with flaps deflected
and the effect of changing altitude from sea level to 35,000 feet was
determined for flaps up at a weight of 53,000 pounds.

The aesrodynamic and mass characteristics used in the calculation of
the boundaries are presented in table I. The values of (CnB> tail off

and (?Yé)tail opp Vore obtained from force-test data furnished by the

Glenn L. Martin Company. -The tail-off values of C'I, 5 CDP, CZ 3 Cnr’
and CYP were estimated from data obtalned in the La.ngley stability

tunnel on a wing similar to that of the MX-838 airplamne. The total
derivatives including the contribution of the tail were estimated from
the equations presented with table I.

The roots of the stability equation were computed to determine the
period and time to da.mp to one-half amplitude for each condition for which
a boundary was calculqated. Presented in table II are the aerodynamic and
mass characteristics used in computing the roots of the stability equations.
The values are essentially the same as those given in table I except that
the mass characteristics are mresented in a different form and the total
derivatives are given. The values of C, and Czﬁ used in these

B
calculations were obtained from force-test data furnished by the Glenn IL.
Martin Company.

The variation of these values with flap deflection is shown in the
following table:

Sp Cn:B -Cq B
(deg) (per deg) |. (per deg)
40 0.00523 0.00400
20 . 00490 .00290
0 . 0045k . 00175
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These values were assumed to remein constant with 1ift coefficient for a
given configuration of the airplane on the basis of the force-test results
availeble on a model of this alrplane. It would be expected, however, that
the airplane would show an increase in ‘—CZB at the higher 1ift coefficients.

RESULTS AND DISCUSSION

The results of the calculations are presented in figures 4 to 16. All
results are presented in terms of 1lift coefficient and figure 1k is presented
for convenience in interpreting the results in terms of airspeed. The test
point in figures 4 to 9 represents the CnB and. -C“3 values of the airplane

as shown by force-test results.

Neutral-Oscillatory-Stability Boundaries

Flaps down 40°.- The effect of 1lift coefficient is shown in figure 4(a)
for the airplane with flaps down at sea level, iy = 99, and a weight
of 53,000 pounds. It is seen that the airplane is oscillatorily unstable
below a 1lift coefficient of 1.2 and becomes stable at 1ift coefficients above
this value. The results of figure 4(b) are for the same condition as
figure 4(a) except that the weight is 32,017 pounds. Here again the air-
plane is unstable below Cy, = 1.2 and stable at higher values.

The effect of wing incidence on the lateral stability of the airplame
is shown in figure 5 for a 1lift coefficient of 0.4 with flaps down, light
loading, and sea-level condition. Changing the wing incidence from 9°
to 2° has a relatively small effect on the boundary although it is shifted
downward far enough to meke the airplane slightly stable. A further change
in wing incidence to -5.3° (this change brought the inclination of the
principal longitudinal axis of inertia with respect to the flight path
to 0°) resulted in the airplane being very stable. The small shift in the
boundary occasioned by the incidence change from 9° to 20 can be accounted
for by the fact that with this change the principal axis of inertia was
moved from -14.3° to -7.3°. Previous investigations (reference 3) have
shown that the greatest effect of changes in the principal axis occurs at
angles around 0°. Thus, when the incidence was changed so as to bring the
principal axis from -7.3 to 00, a large downwerd shift in the R =0
boundary was obtained.

Flaps down 20°.- The effect of 1ift coefficient on the R = O boundary
for the airplane at sea level, half flap, i, = 5.59, and 53,000 pounds is
shown in figure 6(a). The boundaries for a weight of 32,017 pounds are
given in figure 6(b). From these results it is seen that the oscillation
of the airplane is stable at Cp, = 0.4 and the stability increases with
increasing 1ift coefficient.
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Flapg up.- The effect of 1ift coefficient on the oscillatory stability
of the airplane with flaps retracted at sea level, iy = 29, and a weight
of 53,000 pounds is shown in figure T(a). The airplene appears to have
satisfactory stability even at a 1ift coefficient of 0.l and increasing the
1ift coefficient resulted in a pronounced increase in stability. The
results of the calculations made to determine the stability characteristics
of the airplane with flaps up at 35,000 feet are presented in figure T(b).
These results show the same general effect of 1ift coefficient as for the
sea-level condition. ’

The results presented in figure 8 show the effect of a change in
wing incidence from 20 to 0° for the flap-retracted condition at an
altitude of 35,000 feet and a weight of 53,000 pounds. The 2° incidence
change resulted in a fairly large dowmward shift in the boundary because
of the g?ct that the change in the principal axis occurred near 0° (-3.4°
to -1.49).

Modified airplane.- A boundary was calculated for the airplane with
flaps deflected 400 to determine the effect of several mass and geometric
changes proposed by the Glenn L. Martin Company. The maximum wing incidence
was assumed to be 7O instead of 9°, the tail length was increased 59 inches
by moving the vertical tail to the rear of the fuselage, the negative
dihedral was increased from -3° to -6°, and the inclination of the principal
longitudinal axis of inertia was assumed to be -4° instead of -3°. The
calculations were made for a weight of 40,200 pounds and a full-flap
placard speed of 165 miles per hour which corresponds to a 1lift coefficient
of 1.05. The results of these calculations are presented in figure 9(a).

In order to show the effect of these changes a boundary is presented in
figure 9(b) which was obtained by interpolating between the flap-down
results of figures 4(a) and 4(b). The results of figure 9(a) show that
the geometric and mass changes caused the airplane to have a small degree
of oscillatory stability, whereas in the original condition (fig.9(b)) it
was slightly unstable. The modifications had very little effect on the
boundary and the improved stability was duve primarily to a change in CnB

and -CzB which shifted the airplane point with respect to the boundary.

-

Period and Damping of the Lateral Oscillation

The period of the lateral oscillation as a function of 1ift coefiicient
1s presented in figure 10 for the various conditions investigated. It is
seen that the period increases rather rapidly as the 1ift coefficient is
increased from low to moderate values and increases at a lesser rate at the
higher 1ift coefficients. For a given 1ift coefficient the period increases
slightly as the flap deflection is increased and the period is greatest for
the light loading. There is very little effect of altitude at low 1ift
coefficients and at higher 1ift coefficients increasing altitude results in
a slight decrease in the period.
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The reciprocal of the time to damp to ome-half amplitude is plotted
ag a function of 1lift coefficient in figure 11l. The larger values of the

factor £J=— indicate the greater damping It is seen from this figure
1/2
that the time to damp is negative below CL = 1.2 with flaps deflected

400, which indicates instability for the airplane; whereas, the damping

is positive for the 20° and 0° flap conditions. The effect of changing
wing incidence from 9° to 2° and -5.30 at Cp, = 0.% 1s shown for the 40°
flap condition. These changes would make the airplane stable although

the damping is still probably unsatisfactory with 20 wing incidence. The
damping increases with 1ift coefficient for 40° and 20° flap conditions
with the greatest changs occurring with the heavy loading. With flaps
retracted the damping decreases in going from Cy, = 0.1 to Cp = 0.4 and
then increases at 1lift coefficients beyond 0.4. The demping was relatively
high, however, at all 1ift coefflicients. The flap-retracted condition also
shows that the effect of going from sea level to 35,000 feet resulted in

a large decrease in the damping although the airplame was still gquite
gtable.

Perhaps a clearer plcture of the results of the investigation is
shown in figure 12 where the reciprocal of the cycles to damp to one-half
amplitude is plotted as a function of 1lift coefficient. The cycles to
damp are determined by dividing the time to damp by the period. If the

1
value of 6i75 is greater than 0.5, it means that the lateral oscillation

damps in two cycles or less. From figure 12 it is seen that with flaps
up, all conditions damp in two cycles or less} whereas with flaps down
40°, only the heavy loading at the highest 1ift coefficlents damps in
two cycles. The low-lift-coefficient conditions with flaps up and an
altitude of 35,000 feet are actually impossible to attain with this air-
plane because of the high speed required as shown in figure 13.

From the results presented it 1s seen that there is a range of 1ift
coefficients for oscillatory stability for the airplane for all flap
conditions even though the range becomes quite small with a flap deflection
of 40°. 1If care is taken to insure that the airspeed is low enough before
a given flap deflection is reached, then the dynamic lateral stability
might be satisfactory over the entire speed range. One suggested means
for insuring the proper flap setting with airspeed has been an automatic
flap-unloading device. This device would allow flap deflection and wing
incidence to change with alrspeed such that a stable condition was always
maintained. Figure 14 has been prepared to show how such a flap-unloading
device might be applied. The reciprocal of the cycles to damp to one-half
amplitude has been plotted as a function of airspeed in miles per hour for
flap deflections of 0°, 10°, 20°, 30°, and 40°. (The curves for 10°
and 30° flap deflections were obtained by interpolation.) A linear
variation of flap deflection with airgpeed was assumed and cross-plotted
as dashed curves in figure 14 to show the damping of the airplane for



NACA RM No. SL&10 ORI 11

each flap position. The lower of the two curves

y.a.

v is based on the assumption
that the flap is released at 250 miles per hour and reaches full deflection
at 165 miles per hour whereas the upper curve was based on a flap release
speed of 220 miles per hour and a full-flap speed of 155 miles psr hour. It
is seen that the airplane remains stable for all conditions although the
oscillation requires more than two cycles to damp with 40° flap deflection
at a speed of 165 miles per hour. This damping might not be obJectlionable
in the landing condition and a reduction in speed to 150 miles per hour
would bring the oscillation to a two-~cycle damping.

The fact that the lateral oscillation damps in two cycles does not
necessarily indicate that the lateral stability is satisfactory. Same
present-day airplanes when flying at high speeds have encountered undesirable
short-period oscillations that damp in less than two cycles. The Alr Force
and Navy have therefore set up requirements which call for greater damping
of the shorter-period oscillations. ZPresented in figure 15 is a plot showing
how the MX-838 airplane damping campares with the requirements of both the
Alr Force and NACA. (See references 4 and 5.) It is seen that the Air
Force requirement is much more stringent than the NACA requirement for
periods from 1 to 3 seconds. TFigure 15 shows that several conditions of
the airplane that meet the NACA requirement would actually be unsatisfactory
or very close to being marginal when considering the Alr Force requirement.

Spiral Stabllity

The reciprocal of the time to damp to one-half amplitude for the
spiral motion is presented in figure 16 for all conditions investigated.
It is seen that most conditions are spirally unstable but the instability
is not severe. In all cases the spiral instability increases up to a
1ift coefficient of about 0.8 and then decreases at higher 1ift coefficients.

Although neither the Air Force nor the NACA flying-qualities
requirements call for spiral stability, they do require that any spiral
ingtability present should be mild. The Air Force requirement is for the
spiral motion not to double amplitude in less than U4 seconds. It is seen
from figure 16 that the spiral instability of the MX-838 airplame will be
acceptable for all conditions.

CONCLUSIONS

The following conclusions are drawn from the results of the theoretical
study of the dynamic lateral stability characteristics of the MX-838 air-
plane:

1. The lateral oscillation of the airplane is unstable below a 1ift
coefficient of about 1.2 with the flaps deflected 40° but is stable over
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the entire speed range with flap deflections of 20° or 0°. Satisfactory
oscillatory stablility can probably be obtained for all 1lift coefficients
wlth the proper variation of flap deflection and wing incidence with
alrspeed.

2. Reducling the wing incidence from 9° to 2° with flaps deflected
400 mekes the lateral oscillation of the airplane slightly stable. A
further change in wing incidence to =-5.3° (this change brought the inclina-
tion of the principal axis to 0°) results in the airplane being very stable.

3. The airplane is spirally unstable for most conditions but the
instability is mild and the Air Force requirements are easily met.
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TABLE I

FACTORS USED IN CALCULATING THE OSCILLATORY STABILIIY BOUNDARIES

Flap Ly W kg |k ¢ ¢ A e c
dsfloction % | (e | (ate) [ (aom) | () [(orvasfon 0| P2 [ o |0 (%p) a1z or | (%ng)tasa ot | (e sasy oer| (ip)tasa oft | (Ci)tasy otr | (ar)tasy ofr

og
(0.4 ~12.3 | =243 9 53,000 0.002378 | 23.6 | 5.37]26.5 -0.57 -0.07k -0.35 -0.05 0.22 -0.125
.8} -61] -9.2| 9 | 53,000 .002378 | 23.6 | 5.37|16.5 =57 -.0Th =35 =05 .32 -.15
2| -9 -3.9] 9 {53,000 .002378 | 23.6 | 5.37[16.5 -.57 - 0Tk =35 =05 <35 =175
.6 %3] 13} 9 | 53,000 .002378 | 23.6 | 5.37]|16.5 =57 -.0Th =35 =05 <35 -.20
WUof-1n.3 [-ak3 {9 [ 32,017 .002378 [ 1k.27( 6.56 20.0 -.57 =0Tk -.35 =05 82 =125

%0 < .81 6.1} -9.1 9 32,017 .002378 | 14.27} 6.56 | 20.0 =57 .07k -.35 -.05 .32 =15
we| -9 -3.9] 9 | 32,007 .002378 | 14.27] 6.56 | 20.0 -.57 -0 235 -.05 035 -.175
.61 &3] 23] 9 |32,017 .002378 | 1k.27| 6.56 ] 20.0 =57 =0Tk -.35 -.05 .35 -.20
L] -%.3 4 -7.3 2 32,017 .002378 14.27| 6.56 | 20.0 =57 = 07h ~.35 -.05 .22 ~.125
4] 3.0 o -5.3| 32,017 .002378 | 14.27| 6.56 | 20.0 ~57 ~.0Th -.35 -.05 .22 -.125
L1.05 -.8| -4.87 7 | ko,200 .002378 | 17.9 | 6.02 |18.6 -.57 -.0Th -.35 -.05 .34 -.165
~.h ) -3.8] -6.8] 5.5] 53,000 .002378 | 23.6 | 5.37]16.5 =45 -1 ~35 =05 .18 =075
.8t 15| -L.5{ 5.5]| 53,000 .002378 | 23.6 | 5.37]16.5 -.45 -1 -35 =05 .28 -.095

2 2| 69| 3.9{ 5.5 353,000 002378 | 23.6 | 5.37 | 16.5 -45 =11 =35 =05 ~3g -1l

° [q 4| 38| k8] 55|32,07 .002378 | 1k.27| 6.56 | 20.0 -5 -1 -.35 -.05 .18 -.075
.81 1.5 -L.5 5.5 32,017 .002378 | 14.27) 6.5620.0 =45 -1l -.35 -.0% .2 =095
1.2 6.9 3.9 5.51 32,017 .002378 | 1%.27] 6.56 | 20.0 =45 -1 -.35 -.05 .30 =11
~1 ] -hl -34] 2 | 53,000 .002378 | 23.6 | 5.37}16.5 =34 -.15 =35 -.05 0 --015
b 3.8 8] 2 53,000 .002378 | 23.6 | 5.37]16.5 -.34 -.15 -35 -.09 .15 -.025
8] 9.2 6.2 2 53,000 .002378 | 23.6 | 5.37[16.5 =34 -.15 ~.35 “.05 2k -.035
1.2 | 15.0 { 12.0 2 53,000 .002378 | 23.6 | 5.37|16.5 -.3h =15 -.35 -.05 .25 -.05

0 < .1 -4 | -8.4 2 53,000 . 000736 76.3 | 5.37]16.5 -.3h =15 -.35 ~.05 0 -.0%5
4] 3.8 .81 2 | 53,000 .000736 | 76.3 } 5.37]16.5 -3k -.15 -.35 -.05 .15 -.025
.81 9.2| 62| 2 |53,000 .000736 - | 76.3 | 5-37|16.5 -.3k =15 -.35 -.05 2k ~.035
1.2 { 15:0 | 12.0] 2 | 53,000 000736 | 76.3 | 5-37|26.5 -3k -15 =35 -.05 .25 -.05
1] 1.6 -1.4] o |[53,000 000736 | 76.3 | 5.37[26.5 -3k -.15 =35 =05 0 -.015

Total derivatives including tail contribubions are determined from the following equations:
Constants: 2 -

pEB3 e z 1 Vb ) 2y

S = 550 8q ft (4 = «0.35 -~ 2{=~~sina; = (- c = (C -2(2-=gina) 2¢

7= e (2) Cng=0 = 0 » 2(b b ). 7 () sat1 ofr ( p)totel ( ?P)Cnﬁuo (b b ) 1 "np

l

Jp =

Variables:
(%g)sasy = 02 to 10
£ = 0.08 to 0.185

0.58 £t (0.67 £t used for Cp = 1.05 condition)

2z

(Cag)og o = 7005 * 2(% - % sin a.)
-

(cnr)CnB.:Q = (C

(“Cg) tasy ors

of f

-2

L
b

('cnp)tail off

(") Cag=0 ~ (Prx)eats ote * 2(" % MM; (“Onp)iass ore ()totes © (1)

Cp 5"

2z 1
°+2(.;-.Eain

(cnp)total = <cnp)cnﬁ=0 + 2(% - % sin

(cnr total © (cn*‘)cnﬁ=0 - 2(% Cnp>

) ong
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TABLE EI

FACTORS USED IN CALCULATING ROOTS OF LATERAL-STABILITY EQUATIONS FOR DETERMINATION OF PERIOD AND TIME TO DAMP

2 2
IS 6
1 =0) I[-20) | .2 2 () < > (c ) (c > () > o
def%gggon % (aem)| v [\ T e B2 | K2 | Kgz |Ctp)vovar|(%rp)eoter |(Cir)sotar|(%ny)botar (nr total] A7
0.4 |-14.3|23.6 |0.0102] 0.09580.0154{0.0906]-0.0180 | -0.4k&6 -1.15 0.h2kT 0.1547 -0.5588 |2.8
.81 -9.1|23.6 § .0102| .0958| .0123| .0937] -.0127| -.413L -1.15 4858 .1158 -.5838 [3.94
1.2 | -3.9]23.6 | .0102] .0958f .0106] .0954| -.0058| ~-.3869 -1.15 L4765 0765 -.6088 |4.85
1.6 | 1.3]23.6 | .0102] .0958] .0L02| .0957 0019 | -.3675 -1.15 4370 .0371 ~-.6338 |5.60
A [-14.3]2%.27| L0151 .1408( .0228| .1331] -.0264| -.hhé6 -1.15 J2nT <1547 -.5588 {2.17
J -8 | -9.1|ak.27] 0151} .1408 .0182) .1377 0187 | -.413h -1.15 4858 .1158 -.5838 13.06
ko 1.2 | -3.9{1ik.27| .0151) .1408| .0156| .1403| -.0085| ~-.38&9 -1.15 L4765 0765 -.6088 {3.76
1.6 2.3}1%.27| o151 .1%08| .0152 .1407| .0028| -.3675 -1.15 4371 .0371 ~.6338 {h.35
b4 | -7.3[14.27| .0151| .1ko8] .on72| .1387| -.0153 | -.4035 -1.15 .3170 .1022 -.5588 je.17
A | o |1k.27] .0151) .1408] .0151| .1k08| o -.3717 -1.15 .3346 0470 -.5588 l2.17
1.05( ~4.8]17.9 | .0128] .1218] .0136| .1210{ -.0090| -.3860 -1.15 188 .096 - Ty |3.94
.4 | -6.8]23.6 | .0102| .0958| .0114| .0946| -.0098 | -.h031 -1.10 .3346 .1046 -.5275 (2.8
.8 | -1.5{23.6 | .0102| .0958] .0103] .094T| -.0022 | -.37& -1.10 .3928 .0628 -.5475 13.9L
1.2 3.9{23.6 | .0102| .0958] .0106] .0954[ .0058] -.3610 -1.10 ¢+ 3705 . 0205 -.5625 14.85
20 S b | -6.8|1k.27| .0151| .1408| .0169| .1390| -.0Lhk | -.h031 ~1.10 .3346 .104k6 -.5275 2,17
.8 | -1.5{1k.27| .0151] .1408] .0152| .1ko7| -.0033 | -.3782 -1.10 .3928 0628 -.5475 |3.06
1.2 3.9|1k.27] .0151| .1408| .0156| .1403| .0085| -.3610 -1.10 .3705 .0205 -.5625 [3.76
.1 | -3.4{23.6 | .o102} .0958] .0105| .0956| -.0050| -.3881L -1.05 .1345 .0845 -.4906 11.395
b .8]23.6 | .0202{ .0958} .0102| .0959| .0012| -.3708 -1.05 .2496 .0k96 -.5006 |2.80
.8 6.2123.6 | .0102|{ .0958] .0112| .0949] .0090 | -.356k -1.05 2952 .0052 -.5106 (3.94
1.2 | 12.0/23.6 | .0102| .0958| .0139| .0921] .0159 | -.3502 -1.05 .2581 -.0419 -.5256 |4.85
0 < .1 | -3.4|76.3 | .0102| .0958| .0105| .0956| -.0050 | -.388L -1.05 L1345 0845 -.4906 |2.51
A .8]76.3 | .o102| .0958| .o0L02| .0959) .0012 | -.3708 -1.05 2496 0496 -.5006 {5.02
.8 6.2|76.3 | .0102| .0958| .0112{ .0949} .0090 | -.3564 -1.05 2952 .0052 -.5106 |7.10
1.2 | 12.0|76.3 | .0102| .0958| .0139| .0921| .0159 | -.3502 ~1.05 2581 -. 0419 -.5256 18.69
-1 | -1.4{76.3 | .0102| .0958] .0103| .0958] -.0021 | -.3792 -1.05 .1179 . 0679 -. 4906 |2.51
Constants: ::NAECA
CONEREET
=0
CYP
Cy, =0

7 =0°
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Figure l.— Three-view drawing of the MI-838 (XB-51) airplane.
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Figure 2.— System of axes and angular relaetionship in flight.
indicate positive direction of angles, 71 =6 — y — ¢,
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Figure 3.— The stabllity system of axes. Arrows indicate positive
directions of moments, forceg, and control-surface deflections,
This system of axes is defined as an orthogonsal system having their
origin at the center of gravity and in which the Z—exis is in the
plane of symmetry and perpendicular to the relative wind, the
¥~axis is in the plane of symmestry and perpsndicular to the Z-exis,
and the Y-exls is perpendicular to the plene of symmstry.
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Figure T.- Effect of 1ift coefficient on the R = 0 boundary of the MX-838 alrplane.
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Figure 10.— Period of the lateral oscillation of the MX-838 airplane.
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